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The Effectiveness of the Proprioceptive Neuromuscular Facilitation Method on Gait 1 
Parameters in Patients with Stroke: A Systematic Review. 2 
 3 
Abstract 4 
 5 
 6 
Objective: The aim of this paper is to review the current evidence on the effectiveness of 7 
PNF techniques on gait parameters in patients with stroke. 8 
Data Sources: The electronic platforms of CINAHL, MEDLINE, PubMed, and PEDro were 9 
searched using the relevant search terms. 10 
Study Selection: Intervention studies that had gait parameters as an outcome and, in which 11 
PNF techniques were used in a post stroke population, were reviewed. The studies were 12 
reviewed by both authors and a consensus was reached. The literature search identified 84 13 
studies. Following screening, there were 5 studies which met the inclusion criteria for this 14 
review. 15 
Data extraction: Data was extracted from the studies by both authors and independently 16 
reviewed. Methodological quality of randomised controlled trials (RCTs) was assessed with 17 
the Physiotherapy Evidence Database (PEDro) scale and for non-RCTs with the Quality 18 
Assessment Tool for Quantitative Studies. 19 
Data Synthesis: It was found that treatment using the PNF method led to a statistically 20 
significant improvement in gait outcome measures in patients with stroke in all the studies. 21 
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Three of the studies also found that groups treated with PNF techniques had a significantly 22 
greater improvement in outcome measures than groups that received routine 23 
physiotherapy treatment. 24 
Conclusions: Although some limitations were identified in the methodological quality of the 25 
studies, current research suggests that PNF is an effective treatment for the improvement of 26 
gait parameters in patients with stroke. Further research is needed to build a robust 27 
evidence base in this area. 28 
Key Words: proprioceptive neuromuscular facilitation, PNF, stroke, CVA, gait 29 
Abbreviations: BWSTT- Body Weight Supported Treadmill Training; PEDro- Physiotherapy 30 
Evidence  31 
Database; PNF- Proprioceptive Neuromuscular Facilitation; RCT- Randomised Controlled 32 
Trial; STREAM – Stroke Rehabilitation Assessment of Movement; WGS – Wisconsin Gait 33 
Scale; 6MWT – Six Minute Walk Test. 34 
 35 
The Proprioceptive Neuromuscular Facilitation (PNF) approach was originally developed in 36 
the 1940s by Dr. Herman Kabat and Margaret Knott, when it was used to treat patients 37 
suffering from poliomyelitis.
1
 Following its development, the PNF concept evolved into a 38 
rehabilitation approach used for a number of conditions of neurological and 39 
musculoskeletal origin.
2
 Voss, Ionta, and Meyers
3
 defined PNF as ‘methods of promoting or 40 
hastening the response of the neuromuscular mechanism through stimulation of the 41 
proprioceptors’. The PNF approach consists of an overarching philosophy, a defined set of 42 
basic principles and procedures, and a description of techniques for use in rehabilitation.
2
 It 43 
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has long been used in rehabilitation of stroke patients,
4
 however, it remains an area which is 44 
under-researched and the existing evidence for its efficacy is often ambiguous.
5 
45 
 46 
A review of the current evidence and guidelines on the use of PNF was completed. The 47 
Scottish Intercollegiate Guidelines Network
6
 report that there is insufficient evidence to 48 
recommend one treatment approach over another for patients with stroke, and therapists 49 
should select their treatment approach according to the needs of the patient. According to 50 
guidelines from Winstein et al.,
7
 it has not been established that neurophysiological 51 
approaches such as PNF are more effective than other treatment approaches for motor 52 
retraining after an acute stroke. This guideline suggests that neurophysiological approaches 53 
may be considered, but that further studies are needed to establish their efficacy. 54 
 55 
There are currently three narrative reviews which looked at the overall efficacy of the PNF 56 
concept as a rehabilitation approach. Smedes et al.
2
 completed a review of the evidence on 57 
the effectiveness of PNF techniques in a variety of subject populations, including patients 58 
with neurological, musculoskeletal, geriatric, and pulmonary disorders. In the second 59 
narrative review, Westwater-Wood et al.
5
 evaluated the evidence on the effectiveness of 60 
PNF techniques for functional rehabilitation and increasing range of movement in 61 
neurological and non-neurological patients. Finally, Chaturveti
4
 carried out a review of the 62 
effectiveness of PNF for functional recovery of patients with stroke. All of the reviews 63 
reported that PNF has been used safely in many different patient populations and 64 
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demonstrates positive results. However, they also highlighted a need for studies of high 65 
methodological quality. 66 
Smedes et al.
2
reported that the results of studies using PNF on gait related outcome 67 
measures in different patient groups show a positive result on step frequency and gait 68 
speed. To our knowledge, there has been no review of the literature that specifically 69 
investigated the efficacy of PNF techniques on gait parameters in people with stroke. 70 
 71 
Method 72 
Search strategy 73 
 74 
 75 
A literature search was conducted in June 2018. Electronic platforms and databases, 76 
including CINAHL, MEDLINE, PubMed, and PEDro were searched using a combination of 77 
search terms related to stroke, PNF, and gait parameters. The search strategy used is 78 
presented in Table 1. Bibliographies of identified studies were manually searched for 79 
additional references, and a grey literature search was conducted using internet search 80 
engines and websites. [Table 1 near here] 81 
 82 
Study Selection 83 
 84 
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 85 
The following criteria were used to include studies for the review. 86 
Inclusion Criteria: 87 
• Published clinical trials which have an experimental group receiving PNF treatment 88 
 and a control group 89 
• Studies including a stroke population 90 
• Studies using outcome measures related to gait 91 
• Studies in English 92 
Both authors of this review conducted the searching, screening, and data extraction 93 
independently. The authors then met to compare findings and discuss discrepancies. Where 94 
disagreements occurred, they were discussed and resolved without need for a third party. 95 
 96 
Methodological quality 97 
 98 
 99 
To evaluate the quality of the studies, the Physiotherapy Evidence Database Rating Scale 100 
(PEDro) was used. When interpreting the scores, it is considered that studies of high quality 101 
score between 6 and 10, studies of fair quality score between 4 and 5, and studies of poor 102 
quality score 3 or below.
8
 The scale is considered a valid measure of the methodological 103 
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quality of clinical trials,
9
 and has fair to good levels of reliability for rating the quality of 104 
RCTs.
10
 The PEDro scale has been used in previous systematic reviews in rehabilitation.
11,12
 105 
The final study by Morreale at al.
13
 was not an RCT, and therefore, was assessed with the 106 
Quality Assessment Tool for Quantitative Studies.
14
 This tool meets acceptable standards of 107 
validity and reliability,
15
 and is suitable for use in quantitative studies. It has been used in 108 
previous systematic reviews in rehabilitation.
16,17 
109 
 110 
Results 111 
Study selection 112 
 113 
 114 
The search produced 12 studies. Of these, two
18,19
 were excluded as they used PNF in 115 
combination with other treatments within the same experimental group, thus the results of 116 
the trial could not be attributed to PNF treatment alone. Three additional studies
20,21,22
 were 117 
excluded as they used PNF interventions in all study arms, i.e. there was no group that did 118 
not receive PNF for comparison of effect. Finally, two studies
23,24
 were excluded as they did 119 
not include a control group. There were five remaining studies which met the criteria for 120 
inclusion in the systematic review.
25,26,27,28,13
 Of these studies, four are RCTs, and the fifth
13
 121 
is a prospective multicenter blinded interventional study. A description of the search using a 122 
PRISMA flow diagram is available in Figure 1. [Figure 1 near here] 123 
 124 
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Population of studies 125 
 126 
 127 
The sample sizes in the RCTs ranged in number from 18 to 40. None of these studies 128 
reported a power calculation to inform the number of people needed to show a significant 129 
effect of treatment. The study by Morreale et al.
13
 was a larger multicenter trial with 340 130 
patients. Of the five studies, three
25,26,27
 had patients with chronic stroke (>6 months after 131 
stroke), and two
28,13
 had patients who were <6 months post stroke. 132 
 133 
Types of Intervention 134 
 135 
 136 
Although all of the included studies used PNF as the primary intervention, the treatment 137 
techniques in individual studies varied. In Stephenson et al.
25
 the intervention group 138 
received PNF mat activities, including resisted pelvic and lower extremity movement 139 
patterns, and gait training. The gait training involved resistance applied to the patient’s 140 
pelvis during weight shifting, followed by manual resistance applied at the pelvis during 141 
continuous walking. Gait training was also used by Seo et al.,
26
 where the intervention group 142 
received PNF based walking exercise on a ramp. This intervention involved PNF gait training 143 
with resistance applied and walking on a ramp in opposition to pressure applied by the 144 
therapist. 145 
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 146 
In the trial carried out by Kumar et al.,
28
 the intervention group received three PNF 147 
techniques of rhythmic initiation, slow reversal, and agonistic reversal for pelvis. A 148 
combination of PNF techniques was also used by Ribeiro et al.,
27
 where the intervention 149 
group received basic PNF procedures and movement patterns in standing and sitting. The 150 
treatments included resisted sit and rise, standing weight transfer with resisted pelvic 151 
movement, and resisted pelvic movement during gait. 152 
 153 
In the final study by Moreale et al.,
13
 the PNF group received PNF techniques and postural 154 
alignment. The PNF intervention consisted of a bedside and out of bed intervention with 155 
proximal joint passive/active mobilisation according to Kabat’s schemes. No further detail is 156 
described in this study as to the exact PNF treatment used. Due to this variation in the 157 
interventions used in the studies, it is difficult to make direct comparisons between them, 158 
but the main element of all of the interventions was use of PNF techniques. 159 
 160 
The dose of treatment also differed between studies (see table 2). The recommended dose 161 
of rehabilitation therapy following stroke is a minimum of 45 minutes of each appropriate 162 
therapy at least 5 days a week for as long as the patient continues to benefit from therapy 163 
and can tolerate it.
29
 Not all of the studies met this recommendation with their described 164 
intervention. [Table 2 near here] 165 
 166 
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The Control Groups 167 
 168 
 169 
In four of the studies,
25,27,28,13
 PNF was compared directly with other treatments. In the first 170 
of these, it was reported that treatment with PNF resulted in significantly more 171 
improvement in gait outcome measures than ‘conventional exercises’. In the description of 172 
the ‘conventional exercises’ by Kumar,
28
 the types of exercise and overall treatment 173 
duration are given, however the number of repetitions and intensity of the exercises are not 174 
described. This has limitations as a comparator arm in an RCT due to potential for 175 
inconsistency and difficulty reproducing the treatment. In the study by Morreale at al.,
13
 176 
PNF and cognitive therapeutic exercise (CTE) groups both showed significant improvement 177 
with no difference between the groups. CTE has limitations as a comparator arm as it is an 178 
approach which consists of different types of treatment techniques, and its protocol is not 179 
described in enough detail to allow replication of the treatment. 180 
 181 
PNF showed slightly more improvement than Body Weight Supported Treadmill Training 182 
(BWSTT) in two studies.
25,27
 BWSTT is an appropriate choice of treatment for a comparison 183 
as it has been recommended with ‘level A’ evidence in recent stroke guidelines to facilitate 184 
recovery of mobility in patients with stroke.
7
 A favourable result for PNF in comparison with 185 
BWSTT could be interpreted as evidence that it is also an effective treatment for recovery of 186 
mobility in patients with stroke. 187 
 188 
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In the study by Seo et al.,
26
 PNF with walking on a ramp was compared to walking on a ramp 189 
only. The addition of the PNF treatment was the only difference between the groups, and 190 
therefore the improved outcomes in this group could be attributed to the PNF treatment. 191 
However, it could be argued that it was the combination of two treatments (walking on a 192 
ramp +PNF) which led to greater improvement in the PNF group, and not PNF treatment 193 
alone. 194 
 195 
Quality of the studies 196 
 197 
 198 
The scoring of the quality of the studies with the PEDro Scale is detailed in table 3. It 199 
suggests that one of the studies
28
 is of low quality, two of the studies
26,27
 are of fair quality, 200 
and one study
25
 is of high quality. The most common reasons for lower scores in the 201 
assessment of these studies are the lack of concealed allocation and blinding of the 202 
therapists, subjects and assessors. Analysis of the final study by Morreale et al.
13
 with the 203 
Quality Assessment Tool for Quantitative Studies suggested that the global rating for study 204 
methodology is strong. The study scored a strong rating in four out of six categories. The 205 
remaining two categories are scored as moderate due to the study participants being aware 206 
of the study objectives, and the study not describing the validity and reliability of the 207 
outcome measures used. [Table 3 near here] 208 
 209 
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Outcome Measures 210 
 211 
 212 
All of the studies used outcome measures related to gait. However, these outcome 213 
measures were different in every study. A full record of the outcome measures used relating 214 
to gait in the studies is presented in table 2. Due to this variation in outcome measures, 215 
results cannot be directly compared, but a comparison can be made of the overall 216 
improvements in gait parameters. All studies reported results in terms of statistical 217 
significance, and although sample sizes were generally small, statistically significant 218 
differences were found in all the studies. None of the studies reported minimal clinically 219 
important difference, a significant consideration in person-centred care, as it measures the 220 
changes which are meaningful for the patient.
30
 221 
 222 
Stephenson et al.
25
 reported a significant improvement in gait velocity and cadence in both 223 
the PNF group and the body weight supported treadmill training (BWSTT) group in 224 
comparison to the control group. It was also found that only the PNF group had a significant 225 
improvement in the Wisconsin Gait Scale (WGS) compared with the control group. Seo et 226 
al.
26
 reported that, in temporal parameters, both the PNF and the control group improved 227 
their step time, with the PNF group improving significantly more than the control group. In 228 
terms of double support, stance phase and mean velocity, only the PNF group showed a 229 
significant improvement post treatment. For the spatial parameters, both groups improved 230 
in step length, with significantly more improvement in the PNF group. Only the PNF group 231 
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had significant improvements in heel to heel base of support and step/extremity ratio. Only 232 
the PNF group also had a significant improvement in Functional Ambulation Performance. 233 
This demonstrates that the PNF group had significantly more improvement in temporal and 234 
spatial gait parameters and improved functional ambulation performance than the control 235 
group. 236 
 237 
Kumar et al.
28
 found that both the PNF and the control group improved their stride length, 238 
cadence, gait velocity and Functional Mobility Index. The PNF group was found to have a 239 
significantly greater improvement in all measures than the control group. Significant 240 
changes were also found in the trial by Ribeiro et al.
27
 This study reported that both groups 241 
improved significantly in the Stroke Rehabilitation Assessment of Movement (STREAM) and 242 
symmetry ratio of swing time. The only gait parameter where the PNF group showed a 243 
greater improvement than the control group was in maximum ankle dorsiflexion during 244 
swing phase. 245 
 246 
Finally, Morreale et al.
13
 found that scores on the six minute walk test (6MWT) significantly 247 
improved in all groups. They found that at 12 months, the groups which began rehabilitation 248 
within 24 hours of their admission (early groups) improved more than the groups which 249 
began rehabilitation 4 days after admission (delayed groups), but that there was no 250 
difference in improvement of 6MWT scores between the PNF and control groups. 251 
 252 
Discussion 253 
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 254 
 255 
The aim of this review was to assess the effectiveness of the PNF approach on gait 256 
parameters in patients post-stroke. Five studies were narratively analysed, and the results 257 
reviewed. The methodological quality of the included studies is variable, with the majority 258 
of studies scoring a fair or high rating on the PEDro scale, one study scoring a strong rating 259 
on the Quality Assessment Tool for Quantitative Studies, and only one study rated as low 260 
quality on the PEDro Scale. Four of the five studies were RCTs, and sample sizes were 261 
generally low. 262 
 263 
All of the studies reviewed found that treatment using the PNF approach led to a statistically 264 
significant improvement in gait outcome measures in patients with stroke, with the majority 265 
of the studies finding that the PNF group improved more than the control group. The 266 
findings must be interpreted carefully as these studies had small sample sizes and varying 267 
methodological quality, so we cannot conclude that PNF is superior to other treatments. It 268 
should be noted that the best quality study with the largest sample size
13
 did not show that 269 
PNF was more effective than the control treatment. However, it did show that PNF 270 
improved gait parameters and might be as effective as alternative physiotherapy 271 
treatments. 272 
 273 
With the available evidence suggesting that the PNF approach is an effective intervention 274 
for the improvement of gait parameters in patients with stroke, its benefits over alternative 275 
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treatments should be considered. Many therapists will have a basic level of knowledge of 276 
PNF from their core training programme, and further training is available to certify 277 
therapists as PNF practitioners if desired. In the current healthcare climate, cost of 278 
treatment is a necessary consideration in choice of intervention. PNF may present a more 279 
cost-effective intervention than treatments such as BWSTT, as there is no requirement to 280 
invest in expensive equipment for the PNF approach. 281 
 282 
Study Limitations 283 
 284 
 285 
This review was limited by the number of studies available for inclusion. Limitations of the 286 
review also included the small sample size in the majority of the included studies, and 287 
treatment protocols and outcome measures which varied in each study, meaning that the 288 
results cannot be pooled for meta-analysis. 289 
 290 
Recommendations for Future Research 291 
 292 
 293 
Future studies should include RCTs of high methodological quality, with blinding of 294 
therapists and patients. These studies should have larger sample sizes and use standardised 295 
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outcome measures, so that results could be compared in a meta-analysis. There is a need 296 
for long term follow up of the subjects of the trials, with most of the current studies only 297 
measuring outcomes at baseline and post-intervention. The control groups in future studies 298 
would ideally include treatments which are known to be effective for improvement of gait 299 
parameters in people with stroke. Using these treatments in control groups would aim to 300 
show that PNF is as effective or more effective than these established treatments. 301 
 302 
The small number of studies identified in this area may stem from the difficulties in carrying 303 
out RCTs of a rehabilitation approach consisting of many different components. Future trials 304 
may benefit from assessing a specific treatment protocol using PNF methods, in order to 305 
have a standardised treatment programme which can be assessed and reproduced. One 306 
preliminary small scale trial
31
 has already been completed where a PNF based treatment 307 
protocol was described in detail. This type of programme would need to be evaluated in an 308 
RCT setting to assess its effectiveness. 309 
 310 
Conducting large scale studies is a wider issue that would need to be addressed by funding 311 
providers and collaboration between institutions. Considering the need for robust evidence 312 
in a pay for treatment, cost competitive healthcare environment, this is an issue that needs 313 
to be addressed in order to provide proof of efficacy of the PNF approach. Producing this 314 
higher quality of evidence is important in future studies as the power and quality of the 315 
evidence dictates its inclusion in clinical guidelines and its continued use and relevance in 316 
physiotherapy practice. 317 
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 318 
Conclusion 319 
 320 
 321 
The current research suggests that PNF is an effective treatment for the improvement of 322 
gait parameters in patients with stroke. In each of the reviewed studies, there was a 323 
statistically significant improvement in gait parameters in patients with stroke with the use 324 
of PNF. Therefore, PNF techniques should be considered by therapists as part of their 325 
treatment programme for suitable patients. The results of this systematic review were 326 
affected by the small study numbers and varying methodological quality. Further research is 327 
needed to build a robust evidence base in this area. 328 
 329 
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Table 1 - Search Terms 
Platform Databases Search Terms Limiters Number 
of Items 
EBSCO CINAHL (MM “stroke+”) OR (stroke) OR (CVA) OR 
(cerebrovascular accident) AND (MM 
“Neuromuscular Facilitation”) OR (PNF) 
OR (proprioceptive neuromuscular 
facilitation) AND (MM “Gait+”) OR (MM 
“Gait analysis”) OR (walking) OR (gait) OR 
(mobility) 
Articles in English 32 
EBSCO Medline (MM “Stroke+”) OR (stroke or CVA or 
cerebrovascular accident) AND (MM 
“Muscle Stretching Exercises”) OR (PNF or 
proprioceptive neuromuscular facilitation 
or proprioceptive neuromuscular 
technique) AND (MM “Gait+”) OR (gait or 
walking or stepping or mobility) 
Articles in English 23 
 Pubmed (stroke or CVA or cerebrovascular 
accident) and (PNF or proprioceptive 
neuromuscular facilitation) and (gait or 
walking or mobility or stepping) 
Articles in English 20 
 PEDRO Stroke, proprioceptive neuromuscular 
facilitation, gait 
Articles in English 7 
 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 
 
 R
e
su
lt
s 
B
o
th
 P
N
F
 a
n
d
 B
W
S
T
T
 i
m
p
ro
v
e
 
g
a
it
 v
e
lo
ci
ty
, 
ca
d
e
n
ce
 a
n
d
 
W
is
co
n
si
n
 G
a
it
 S
ca
le
 v
s 
co
n
tr
o
l 
g
ro
u
p
 (
p
<
0
.0
5
) 
P
N
F
 b
a
se
d
 w
a
lk
in
g
 o
n
 a
 r
a
m
p
 
im
p
ro
v
e
d
  
te
m
p
o
ra
l 
a
n
d
 s
p
a
ti
a
l 
p
a
ra
m
e
te
rs
, 
a
n
d
 i
m
p
ro
v
e
d
 
fu
n
ct
io
n
a
l 
a
m
b
u
la
ti
o
n
 
p
e
rf
o
rm
a
n
ce
 v
s 
co
n
tr
o
l 
g
ro
u
p
 
(p
<
0
.0
5
) 
P
N
F
 g
ro
u
p
 i
m
p
ro
v
e
d
 i
n
 s
tr
id
e
 
le
n
g
th
, 
ca
d
e
n
ce
, 
g
a
it
 v
e
lo
ci
ty
, 
a
n
d
 R
iv
e
rm
e
a
d
 m
o
b
il
it
y
 I
n
d
e
x 
v
s 
co
n
tr
o
l 
(p
<
0
.0
5
) 
 O
u
tc
o
m
e
 M
e
a
su
re
s 
M
e
a
su
re
d
 p
re
-i
n
te
rv
e
n
ti
o
n
 
a
n
d
 p
o
st
-i
n
te
rv
e
n
ti
o
n
 
G
a
it
 v
e
lo
ci
ty
 –
 1
0
m
 w
a
lk
 
te
st
, 
g
a
it
 c
a
d
e
n
ce
, 
W
is
co
n
si
n
 
G
a
it
 S
ca
le
, 
P
e
rr
y
’s
 
C
la
ss
if
ic
a
ti
o
n
 S
y
st
e
m
 
M
e
a
su
re
d
 p
re
-i
n
te
rv
e
n
ti
o
n
 
a
n
d
 p
o
st
-i
n
te
rv
e
n
ti
o
n
 
G
a
it
 p
e
rf
o
rm
a
n
ce
 –
 
te
m
p
o
ra
l,
 s
p
a
ti
a
l 
a
n
d
 
fu
n
ct
io
n
a
l 
a
m
b
u
la
ti
o
n
 
p
e
rf
o
rm
a
n
ce
 m
e
a
su
re
d
 
u
si
n
g
 G
A
IT
R
it
e
 s
y
st
e
m
 
M
e
a
su
re
d
  
p
re
-i
n
te
rv
e
n
ti
o
n
 
a
n
d
 p
o
st
-i
n
te
rv
e
n
ti
o
n
 
S
tr
id
e
 l
e
n
g
th
, 
C
a
d
e
n
ce
, 
G
a
it
 
V
e
lo
ci
ty
, 
F
u
n
ct
io
n
a
l 
m
o
b
il
it
y
 
–
 R
iv
e
rm
e
a
d
 M
o
b
il
it
y
 I
n
d
e
x 
 In
te
rv
e
n
ti
o
n
 
P
N
F
 g
ro
u
p
 –
 P
N
F
 m
a
t 
a
ct
iv
it
ie
s 
a
n
d
 
g
a
it
 t
ra
in
in
g
 x
 3
0
 m
in
s 
x 
3
 t
im
e
s 
a
 
w
e
e
k
 x
 4
 w
e
e
k
s 
B
o
d
y
 W
e
ig
h
t 
S
u
p
p
o
rt
e
d
 T
re
a
d
m
il
l 
T
ra
in
in
g
 (
B
W
S
T
T
) 
g
ro
u
p
 –
 B
W
S
T
T
 x
 
2
0
m
in
s 
x 
3
 t
im
e
s 
a
 w
e
e
k
 x
 4
 w
e
e
k
s 
C
o
n
tr
o
l 
g
ro
u
p
 –
 n
o
 i
n
te
rv
e
n
ti
o
n
 
P
N
F
 G
ro
u
p
 –
 3
0
m
in
s 
P
N
F
 b
a
se
d
 
w
a
lk
in
g
 e
xe
rc
is
e
 o
n
 a
 r
a
m
p
 x
 5
 t
im
e
s 
a
 w
e
e
k
 x
 4
 w
e
e
k
s 
C
o
n
tr
o
l 
G
ro
u
p
 –
 3
0
m
in
s 
w
a
lk
in
g
 
e
xe
rc
is
e
 o
n
 a
 r
a
m
p
 x
 5
 t
im
e
s 
a
 w
e
e
k
 
x 
4
 w
e
e
k
s 
 P
N
F
 g
ro
u
p
 –
 3
 P
N
F
 t
e
ch
n
iq
u
e
s 
x 
3
0
m
in
s 
x 
3
 d
a
y
s 
a
 w
e
e
k
 x
 4
 w
e
e
k
s 
C
o
n
tr
o
l 
g
ro
u
p
 –
 s
tr
e
tc
h
in
g
, 
st
re
n
g
th
e
n
in
g
 a
n
d
 w
e
ig
h
tb
e
a
ri
n
g
 x
 
3
0
m
in
s 
x 
3
 d
a
y
s 
a
 w
e
e
k
 x
 4
 w
e
e
k
s 
 S
a
m
p
le
 
1
8
 s
u
b
je
ct
s 
w
it
h
 
ch
ro
n
ic
 s
tr
o
k
e
 (
>
6
 
m
o
n
th
s)
 
 4
0
 s
u
b
je
ct
s 
w
it
h
 
ch
ro
n
ic
 s
tr
o
k
e
 (
>
6
 
m
o
n
th
s)
 
C
o
n
v
e
n
ie
n
ce
 
sa
m
p
le
 o
f 
3
0
 
su
b
je
ct
s 
(<
6
m
o
n
th
s 
p
o
st
 
st
ro
k
e
) 
T
a
b
le
 2
: 
S
u
m
m
a
ry
 
S
tu
d
y
 
S
te
p
h
e
n
so
n
 e
t 
a
l.
 
2
0
1
4
 
R
C
T
 
S
e
o
 e
t 
a
l.
 2
0
1
2
 
R
C
T
 
K
u
m
a
r 
e
t 
a
l.
 2
0
1
2
 
 T
w
o
 g
ro
u
p
 p
re
 
te
st
 -
 p
o
st
 t
e
st
 
d
e
si
g
n
 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 
 
R
e
su
lt
s 
B
o
th
 g
ro
u
p
s 
im
p
ro
v
e
d
 i
n
 
S
T
R
E
A
M
, 
m
o
to
r 
F
IM
, 
a
n
d
 
sy
m
m
e
tr
y
 r
a
ti
o
 o
f 
sw
in
g
 t
im
e
 
(p
<
0
.0
5
) 
P
N
F
 g
ro
u
p
 o
n
ly
 i
m
p
ro
v
e
d
 i
n
 m
a
x 
a
n
k
le
 d
o
rs
if
le
xi
o
n
 d
u
ri
n
g
 s
w
in
g
 
p
h
a
se
 (
p
<
0
.0
5
) 
M
R
S
 a
n
d
 B
I 
im
p
ro
v
e
d
 i
n
 a
ll
 
g
ro
u
p
s 
(p
<
0
.0
5
) 
w
it
h
 s
o
m
e
 m
o
re
 
im
p
ro
v
e
m
e
n
t 
in
 t
h
e
 e
a
rl
y
 g
ro
u
p
s 
(n
o
t 
st
a
t 
si
g
) 
6
M
W
T
 i
m
p
ro
v
e
d
 i
n
 a
ll
 g
ro
u
p
s 
(p
<
0
.0
5
) 
A
t 
1
2
 m
o
n
th
s 
e
a
rl
y
 g
ro
u
p
s 
im
p
ro
v
e
d
 m
o
re
 i
n
 6
M
W
T
 t
h
a
n
 
d
e
la
y
e
d
 g
ro
u
p
s 
(p
<
0
.0
5
)  
O
u
tc
o
m
e
 M
e
a
su
re
s 
M
e
a
su
re
d
 p
re
 a
n
d
 p
o
st
 
in
te
rv
e
n
ti
o
n
 
F
u
n
ct
io
n
a
l 
A
m
b
u
la
ti
o
n
 
C
a
te
g
o
ry
, 
 N
IH
S
S
, 
M
u
sc
le
 
to
n
e
 –
 M
A
S
, 
S
T
R
E
A
M
, 
F
IM
 
(m
o
to
r)
, 
G
a
it
 –
 Q
u
a
li
sy
s 
S
y
st
e
m
 
M
e
a
su
re
d
 a
t 
b
a
se
li
n
e
, 
a
t 
3
 
m
o
n
th
s 
a
n
d
 a
t 
1
2
 m
o
n
th
s 
D
is
a
b
il
it
y
, 
M
o
d
if
ie
d
 R
a
n
k
in
 
S
co
re
 (
M
R
S
),
 B
a
rt
h
e
l 
In
d
e
x 
(B
I)
, 
S
a
fe
ty
, 
Im
m
o
b
il
it
y
 
re
la
te
d
 a
d
v
e
rs
e
 e
v
e
n
ts
, 
6
M
W
T
, 
M
I,
 M
M
S
E
, 
B
e
ck
 
D
e
p
re
ss
io
n
 I
n
v
e
n
to
ry
 
In
te
rv
e
n
ti
o
n
 
P
N
F
 g
ro
u
p
 –
 B
a
si
c 
P
N
F
 p
ro
ce
d
u
re
s 
a
n
d
 
fa
ci
li
ta
ti
o
n
 p
a
tt
e
rn
s 
in
 s
ta
n
d
in
g
 a
n
d
 
si
tt
in
g
 x
 3
0
m
in
s 
x 
3
 t
im
e
s 
a
 w
e
e
k
 x
 4
 
w
e
e
k
s 
T
P
B
W
S
 g
ro
u
p
 –
 G
a
it
 t
ra
in
e
r 
w
it
h
 
tr
e
a
d
m
il
l 
a
n
d
 m
a
n
u
a
l 
a
ss
is
ta
n
ce
 x
 3
0
m
in
s 
x 
3
 t
im
e
s 
a
 w
e
e
k
 x
 4
 w
k
s 
E
a
rl
y
 P
N
F
 –
(s
ta
rt
in
g
 d
a
y
 1
 p
o
st
 s
tr
o
k
e
) 
4
5
m
in
s 
d
a
il
y
 P
N
F
 a
n
d
 1
5
m
in
s 
p
o
st
u
ra
l 
a
li
g
n
m
e
n
t 
a
n
d
 p
o
si
ti
o
n
in
g
 
E
a
rl
y
 C
T
E
 –
 (
st
a
rt
in
g
 d
a
y
 1
 p
o
st
 s
tr
o
k
e
) 
4
5
m
in
s 
g
u
id
e
d
 m
o
v
e
m
e
n
ts
 d
u
ri
n
g
 a
n
 
a
tt
e
n
ti
o
n
 t
a
sk
 a
n
d
 1
5
m
in
s 
p
o
st
u
ra
l 
a
li
g
n
m
e
n
t 
a
n
d
 p
o
si
ti
o
n
in
g
 
B
o
th
 e
a
rl
y
 g
ro
u
p
s 
th
e
n
 h
a
d
 2
.1
5
h
rs
 a
 d
a
y
 
o
f 
th
e
ir
 a
ss
ig
n
e
d
 t
re
a
tm
e
n
t 
fr
o
m
 5
th
 t
o
 
6
0
th
 d
a
y
 p
o
st
 s
tr
o
k
e
. 
T
h
e
n
 1
.3
0
h
rs
 a
 d
a
y
 
o
f 
tr
e
a
tm
e
n
t 
fo
r 
a
 m
e
a
n
 o
f 
3
8
 w
e
e
k
s 
in
 
to
ta
l.
 
D
e
la
y
e
d
 t
re
a
tm
e
n
t 
g
ro
u
p
 –
 6
0
m
in
s 
o
f 
p
o
st
u
ra
l 
a
li
g
n
m
e
n
t 
a
n
d
 p
o
si
ti
o
n
in
g
 i
n
 t
h
e
 
fi
rs
t 
4
 d
a
y
s.
 T
h
e
y
 w
e
re
 t
h
e
n
 r
a
n
d
o
m
iz
e
d
 
in
to
 t
h
e
 P
N
F
 o
r 
C
T
E
 g
ro
u
p
s 
to
 c
o
n
ti
n
u
e
 
tr
e
a
tm
e
n
t 
fo
r 
th
e
 r
e
st
 o
f 
th
e
 t
ri
a
l.
 
S
a
m
p
le
 
C
o
n
v
e
n
ie
n
ce
 
sa
m
p
le
 o
f 
2
3
 
su
b
je
ct
s 
(>
6
 
m
o
n
th
s 
p
o
st
 
st
ro
k
e
) 
3
4
0
 p
a
ti
e
n
ts
 
p
o
st
 f
ir
st
 
ti
m
e
 
su
b
co
rt
ic
a
l 
is
ch
a
e
m
ic
 
st
ro
k
e
 
S
tu
d
y
 
R
ib
e
ir
o
 e
t 
a
l.
 
2
0
1
3
 
R
C
T
 
M
o
rr
e
a
le
 
2
0
1
6
 
P
ro
sp
e
ct
iv
e
 
m
u
lt
ic
e
n
te
r 
b
li
n
d
e
d
 
in
te
rv
e
n
ti
o
n
a
l 
st
u
d
y
 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
Table 3- PEDro Rating Scale for Included RCTs 
Study Kumar et al. 
2012 
Ribeiro et al.  
2013 
Stephenson et al. 
2012 
Seo et al. 2012 
Eligibility Criteria Yes Yes Yes Yes 
Random Allocation No Yes Yes Yes 
Concealed 
allocation 
No No No No 
Groups similar at 
baseline 
Yes Yes Yes Yes 
Subject blinding No No No No 
Therapist blinding No No No No 
Assessor blinding No No Yes No 
Key outcomes >85% No No Yes No 
All subjects received 
treatment 
No Yes Yes No 
Between group 
statistics 
Yes Yes Yes Yes 
Point measure and 
variability 
Yes Yes Yes Yes 
Total Score 3 5 7 4 
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Figure 1 – PRISMA flowchart 
 
